Concerns about the lack of reproducibility in science have become a mainstream topic 1 Fraudulent or false data: the magnitude of the problem and ways to look at it Fraud and manipulation in reporting research results have taken centre stage in many debates on irreproducibility and scientific integrity. Several studies have attempted to quantify the extent and prevalence of scientific misconduct, based on surveys and metadata on retracted articles.
given disappointment in translation of some very promising concepts, it is an urgent question.
So what is behind this failure of reproducibility? Fraud, manipulation, sloppy science-or is there a fundamental issue in the nature of research to consider.
Fraudulent or false data: the magnitude of the problem and ways to look at it Fraud and manipulation in reporting research results have taken centre stage in many debates on irreproducibility and scientific integrity. Several studies have attempted to quantify the extent and prevalence of scientific misconduct, based on surveys and metadata on retracted articles.
Surveys in the scientific community have suggested that lack of honesty, varying from minor to major misconduct, is rather widespread. 4 The meta-analysis concluded: 'However, it is likely that, if on average 2% of scientists admit to have falsified research at least once and up to 34% admit other questionable research practices, the actual frequencies of misconduct could be higher than this. ' Serious flaws in published data lead to retraction and in 2012 Grieneisen and Zhang 5 published an analysis of retractions across all scientific disciplines. Retractions are proportional to the share of the discipline in the literature. Medicine scores high, representing 50% of all retractions, and, with medicine accounting for 40% of published papers, this is slightly above the mean expected rate. The underlying reasons for retractions are predominantly questionable data with some 20% of all retractions cases the result of serious research misconduct, i.e. fraudulent of fabricated data, and another 26% of questionable data. Plagiarism is another major reason.
As a fraction of all publications, retractions still remain limited (at 0.02% noted in 2012), though this may reflect a level of failure to detect and pursue errors. Of note, behind these numbers of retracted papers, there are a smaller number of offenders. Fifteen repeat offenders account for 52% of all retractions in the period between 1980 and 2010. Medicine is prominently present in this list, with one author associated with a set of 88 papers retracted because of lack of ethics approval by the institutional review board. A very recent analysis of retractions based on the data platform Retraction Watch and reported in Science, underscores that the number of retractions has levelled off, at about 4 per 10 000 published papers. 6 Another commentary however justly points out the danger of serious misbehaviour in medicine. 7 Recognition of the impact of research misconduct has motivated institutions, funders, and governments to set up investigative panels, linked to severe penalties for offenders. 8 
An editor's perspective on misconduct
Journals and the editorial review process are gatekeepers to prevent publication of flawed data. In the 5 years that our team was leading Cardiovascular Research, 9 we have kept a close watch and have kept logs for quantification. Serious misconduct with fraudulent data, image manipulation or wrongful reporting, was rare. Out of 6500 submissions, 31 were rejected because of plagiarism and 60 papers with suspicion of incorrect data reporting or manipulation were investigated. Out of these, 15 were shown to be errors. All together, we detected serious misconduct in 0.1% of all submissions. The ESC Journals Ethics Committee has been most helpful in addressing some of these cases. 10 Much more common was what is referred to as 'sloppy science'. Flaws in study design, low sample numbers, inappropriate statistics, incomplete description of methods, lack of transparency in results reporting and overstretched conclusions undermine the solidity and robustness of data, and hence their reproducibility. Similar problems have been noted by others, e.g. 11 We therefore set out editorial poli- 
The uncertainty of life and science
Whereas speculation is a natural part of scientific discussion, the perspective to potential new cures has become a too common ingredient of the conclusions of many a preclinical study. Life is an oddity in nature and can only be sustained at great cost against the laws of thermodynamics. 'One can define Life to be an ordered system that can sustain itself against the tendency to disorder' was stated by Stephen Hawking (www.hawking.org.uk/life-in-the-universe. html). Statistics remain a calculation of chance and the odds of having performed a fool-proof experiment in biology are small. Uncertainty remains and many experiments in biology are hypothesis-generating. Fraudulent and poor scientific practice can be remedied, but accepting reality and relativity of findings is another important element in addressing the current 'perceived crisis'. 15 
Opportunities for better science
The call for action to improve reproducibility of results creates opportunities for better quality science and for adopting novel approaches in preclinical research.
The session at the ESC congress was a stimulating event with thoughtful presentations on how to improve the quality of preclinical research. These included the lessons learnt from cell and gene therapy, and a debate on models for disease. The scientific community can set out guidelines for research methodology through position papers, as e.g. done by the community studying cardioprotection in Cardiovascular Research, 16 embrace more rigorous quality control and provide critical reviews in fast moving fields. 17 Guidance for design, statistics, and reporting in experimental research can be readily found-the challenge is to apply the proper approaches as they come at a cost.
11
Working together has many benefits. Competition in science is of all times 18 and can be a healthy stimulus but collaborative research is very impactful, not only in clinical but also in basic and preclinical research. 19 Shared practices and shared data can enhance quality, and can optimize use of existing data. Closer interactions between clinical and basic science could lead to adopting of some sound practices from clinical research. These include randomization, blinding and multi-centre research. The registration of preclinical research and the platform created (preclinicaltrials.eu) is an example. In neurology and stroke research, longer-standing initiatives for optimization of preclinical research now include the CAMARADES platform (http://www.dcn.ed.ac.uk/camarades/) for larger-scale approaches. The call for 'Open Science' is strong, to some extent with an economic perspective to stimulate innovation, but also as a mechanism to enhance quality of science. Technology for large data platforms will come into reach and is one of the priorities in the EU research agenda (https://ec.eu ropa.eu/research/openscience/index.cfm?pg=open-science-cloud). For life sciences, several platforms exist, as recently reviewed 20 and structuring data platforms in Europe to facilitating data sharing and access is the major task of ELIXIR (https://www.elixir-europe.org/). Indiscriminate 'dumping' of raw data is unlikely to work and a serious exercise should look into the feasibility and cost:benefit of raw data sharing. Tackling issues of privacy and ensuring data quality are but some of the hurdles to be taken in particular in clinical research, but there is also great potential in sharing clinical experience. 21 Therefore, overcoming these obstacles, optimizing and refining access to data, can multiply novel insights from experimental and clinical studies. Availability of data will still require analysis and placing findings in context, present and future, but publication practice will adapt to more open data platforms. Learned societies and their journals, academic and research institutions, funders and the public are stakeholders in better science. Inspirational quotes on the ESC congress bags included an appropriate saying by Amelia Earhart: 'The most difficult thing is the decision to act, the rest is mere tenacity'. The present editorial team will pursue and expand the journal's commitment to highest quality.
